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ABSTRACT 

We present new optical spectroscopic and archival Spitzer IRAC photometric observations of a B-type 
star in the SMC cluster NGC 346, NGC 346:KWBBe 200. We detect numerous Fe II, [O I], and [Fe II] 
lines, as well as strong P-Cygni profile H I emission lines in its optical spectrum. The star's near-IR color 
and optical to IR SED clearly indicate the presence of an infrared excess, consistent with the presence of 
gas and warm, T ^800 K, circumstellar dust. Based on a crude estimate of the star's luminosity and the 
observed spectroscopic line profile morphologies, we find that the star is likely to be a B-type supergiant. 
We suggest that NGC 346:KWBBc 200 is a newly discovered B[e] supergiant star, and represents the 
fifth such object to be identified in the SMC. 

Subject headings: circumstellar matter — Magellanic Clouds — stars: individual (NGC346:KWBBc 
200) — stars: individual ([MA93] 1116 — stars: emission-line, Be 



1. INTRODUCTION 

Massive OB stars play an important role in astro- 
physics; their winds and ejecta shape the morphology 
and ionization structure of their local environment, and 
provide a source of heavy elements which serve as the 
building blocks of planetary systems. B[e] stars com- 
prise a heterogeneous group of massive stars which all 
exhibit similar observational properties, yet range in 
evolutionary age fr om the pre- to post-main sequence 
(|Lamers et al.l fl998h . B[e] supergiants (B[e]SGs) repre- 
sent one sub-class of the B[e] phenomenon and are no- 
table in that at least some share similar photometric, spec- 
troscopic, and rotational velocity properti e s as Luminous 
Blue Variables (LBVs) (IStahl et al l [l98l IZickgraf et al.l 
ll996Hvan Genderen fe Sterkenl2002t lzickgraf 2001), which 
suggests B[e]SGs might be precursors to LBVs. 

B-type stars which exhibit strong H I Balmer emis- 
sion, forbidden and low excitation emission lines, com- 
monly Fe II, [Fe II], and [O I], and evidence of warm 
(T~ 1000 K) du st ar e assigned the classification of B[e ] 
((Allen fe Swingdli976t lLamers et all 119911 lZickgraj[2006h . 
B[c]SGs are known to exhibit a hybrid spectrum character- 
ized by broad UV resonance absorption line s and a wealt h 
of narrow emission lines (jZickgraf et all Il985l Il986j) . 
IZickgraf et al.1 (|1985f ) suggested that a non-spherical wind 
model consisting of a cool, equatorial component, and a 
hot, polar component best explained these observations. 
Subsequent polarimetric observations seem to confirm the 
presence of an axisymmetric circumstellar environment 
in BfelSGs dMagalhaeslll992t ISchulte-Ladbeck fe Clayton! 
119931: iMelgareio et al.ll2001h. the base of w hich may some- 
times be clumpy (Magalhacs et al.l |2006|) . While polari- 
metric observations indicate the presence of an asymmet- 
ric, clumpy wind in some LBVs and LBV-like objects 



(iTavlor et all Il99lt iNordsieck et al.l 120011 : iDavies et all 



20051 IWisniewski et al.ll2007t ). it is not yet clear whether 
they exhibit a clumpy, axi-symmetric geometry similar t o 
that observed for B[e] stars (see e.g. IDavies et al.l l2005h . 
which might be expected if B[e]SGs are truly precursors 
of LBVs. 

To date, four B[e] stars have been identified in the 
Small Magellanic Cloud (SMC), while eleven have been 
identified in the Large Magellanic Cloud (LMC). Owing 
to the known distance of the SMC and LMC and the 
observed luminosities of the fifteen SMC and L MC B[e] 
sourc es, it is well accepted that all are B[e]SGs (Zickgraf 
2006}). In this paper, we report the serendipitous discov- 
ery of the fifth known B[e] star in the SMC. The star 
was initially classified bv lMevssonnier fe Azzopardl |l993) 
as a compact H II source ([MA93] 1116) likely character- 
ized by br oad Ha emis s ion. A later optical photometric 
survey by iKeller et al.1 (|l999l ) classified the same target 
(NGC346:KWBBe 200) as a classical Be star residing in 
the SMC cluster NGC 346, which is known t o be a rich 
source of current and r ecent star formation (|Nota et al.l 
2006| ISabbi et~al~l l2007f ). Our observations of the source 
were obtained in the context of assessing the formation 
and evolution of classical Be sta rs in NGC 346 and other 
clust e rs in the SMC and LM C (| Wisniewski fe Biorkmanl 
[20061 IWisniewski et alJl2007h . 

2. OBSERVATIONS 

Our spectroscopic observations were obtained on 15 
November 2004 using the Cerro Tololo Inter- American Ob- 
servatory (CTIOfl 4m telescope Hydra 138 fiber multi- 
object spectrograph. We used the 527 lines mm -1 KPGL3 
grating and a 200/^m slit plate, yielding a dispersion of 
1.75 A at 5500 A (R ~3000). We obtained two 3600 sec- 
ond exposures with NGC 346:KWBBe 200 on a fiber; for 
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each exposure, we also assigned fourteen fibers to locations 
void of stellar sources to serve as probes of background 
sky emission. Our NGC 346 exposures were bracketed 
by observations of a penray lamp exposure to wavelength 
calibrate our data. Standard bias frames and dome flats 
were obtained at the beginning of each night of our run; 
sky flats were also obtained to calibrate the fiber-to-fiber 
throughput of Hydra. 

Following bias subtraction using standard IRAF0 tech- 
niques, we used Pieter van Dokkum's L. A. Cosmic routine 
to identify and remove cosmic ray artifacts from our im- 
ages. Remaining standard reduction steps, including flat 
fielding, aperture extraction, and wavelength calibration 
were done within the Hydra IRAF package. To subtract 
the strong nebular lines present in our data, we evaluated 
the use of various combinations of our fourteen sky fibers 
in an iterative manner. Following our best subtraction, we 
only see evidence of residual nebular contamination from 
[O III] lines at 4959 and 5007 A, at an intensity of 2% of 
the total sky emission in these transitions. We do not ob- 
serve other narrow (GFWHM -2.9 A) emission profiles at 
other wavelengths, which would be indicative of a nebular 
origin; hence, we estimate that any residual nebular com- 
ponents still present in our data should contribute <2% to 
the equivalent widths quoted in this paper. 

We also present archival Spitzer Space Telescope In- 
frared Array Camera (IRAC; [Falio et alj [200l 3.6, 4.5, 
5.8, and 8 ^m observations of NGC 346:KWBBe 200, ob- 
tained as part of program 63 (Houck PI). The data were 
reduced via the Spitzer pipeline S14.0 software. Photome- 
try was extracted from post-pipeline mosaic images using 
standard IRAF DAOPHOT aperture photometry tech- 
niques; uncer tainties in the absolu te flux calibration are 
less than 5% (|Laine fc Reachll2006[ ). 

3. RESULTS 

3.1. Optical Spectroscopy 

The continuum normalized optical spectrum of NGC 
346:KWBBe 200 from 3935-5365 A and 6000-6540 A is pre- 
sented in Figures [1] and [2] respectively. Continuum signal 
to noise levels range from -20 at 4200 A to -70 at 5200 
and 6200 A. NGC 346:KWBBe 200 is clearly characterized 
by a wealth of emission line s; we u se d line identifications 
report e d by IZickgraf et all (fl 989h G ummersbach et alJ 
1995 h : lde Winter fc van den Anckerl (ll997r ). lLamers et al.l 
19981 ) and iMiroshnichenko et al.l (|2005h to identify the 



strongest lines detected at the resolution of our data, which 
are labeled in the figures and tabulated in Table [TJ The 
dominant species seen in emission is Fe II, although lines 
of [Fe II], [O I], Mg I, and Ti II also are present. 

NGC 346:KWBBe 200 is also characterized by strong H 
I emission, from He (Figure[T]) through Ha (Figure[3]), with 
all lines clearly exhibiting P-Cygni profiles indicative of a 
strong outflowing wind. The Ha line is particularly strong 
and broad; we measured our second exposure to have a net 
equivalent width of ~ -267 A and wings extending to -2100 
km s _1 and +2190 km s . Similarly, we measured Ha in 
our first exposure to have a net equivalent width of -266 A 
and wings extending to -2100 km s _1 and +2100 km s _1 . 
The dominant source of uncertainty in these measurements 

B IRAF is distributed by the National Optical Astronomy Observatories, 
Astronomy, Inc., under contract with the National Science Foundation. 



is not photon statistics, but rather given the presence of 
extended electron scattering wings and the curvature of 
the spectral response of the grating+detector near Ha, 
our choice of continuum placement. Spectra of emission- 
and non-emission line stars located in other Hydra fibers 
were used to calibrate the typical spectral response be- 
havior near Ha, providing a constraint on the appropriate 
order of fitting function to use to fit the continuum region 
near Ha for NGC 346:KWBBe 200. 

3.2. Optical and IR Photometry 

To further explore the nature of NGC 346:KWBBe 200, 
we plot the star on a near-IR 2-color diagram (black 
star; Figure [3}, alon g with likely Magell anic Cloud clas- 
sica l Be stars from Ide Wit et al.1 (|2005f ) (red triangles) 
and lWisniewski et al] ~i 2007f ) ( green triangle s) , a potential 
LMC Herbig Ae/Be star (blue cross) from Ide Wit et all 
(12005ft. and known SMC ari d LMC B[e]SGs (blue circles ) 
from lMcGregor et al.l (|l988l ). iGummersbach et~aTl (|l995l ). 
and the 2MASS catalog. NGC 346:KWBBe 200's near- 
IR color is clearly consistent with that observed for other 
SMC/LMC B-type stars characterized by dusty circum- 
stellar envelopes, and is inconsistent with the typical color 
of classical Be star s, which are characteriz ed by gaseous 
circumstellar disks (jPorter fe Riviniusll2003l ). 

We next construct NGC 346:KWBBe 200's spectral 
energy distribution (SED), using all available photom- 
etry. Its observed (B-V) and (V-I) colors, 0.351 and 
0.366 (jZaritskv et al.1 12002'). are substantially redder than 
the expected int rinsic colors of main sequence (-0.30 < 
CB-VL < -0.07. ISchmidt-Kalerl ll982t -0.44 < (V-I) < 
-0.11, iDucati et all 1200 ll) or~super giant-type (-0.23 < 
CB- V^ < 0.0. iSchmidt-KaTerl [1981 -0.37 < (V-I) < 
0.0, IDucati et alT 2001 ) B stars. As such, we have as- 
sumed that NGC 346:KWBBe 200 is characterized by 
a minimum E(B-V) reddening of 0.35, and de-reddened 
its U- through K-b and photometry using Ry = 2.74 
dGordon et al. |2003[) an d the standard extinction curves 
of ICardelli et alj (|1989h . The resultant SED incorporat- 
ing U-band through Spitzer IRAC 8 /im photometry is 
shown in Figure [51 An excess of IR emission is evident 
both at near-IR (J-band) wavelengths, likely originating 
from free-free and bound-free emission from hydrogen in 
a circumstellar envelope (or disk), and at IRAC-band IR 
wavelengths, indicating the presence of warm dust in a cir- 
cums tellar envelope (or disk) (see e.g. IZickgraf et al.|[l985[ 
1989). To crudely characterize this dust component, we 
have overlayed a Planck function corresponding to a dust 
temperature of T = 800K in Figure which we believe 
best represents the observed SED trend. 

4. DISCUSSION 

4.1. NGC 346:KWBBe 200's Status as a B[e] Star 

We have shown that NGC 346:KWBBe 200's optical 
spectrum is dominated by emission lines from Fe II, [O I], 
and [Fe II]. It exhibits broad P-Cygni profile H I emis- 
sion lines, indicative of a strong outflowing wind; the 
strength of its Ha equivalent w idth, — -267 A is ri valed 
only by other known B[e]SGs (|Zickgraf et al.l [l989f ) and 
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some LBVs ([Davidson et alj |2005). The star's circumstel- 
lar environment is clearly characterized by the presence of 
both gas and warm dust, as diagnosed from its near-IR 
colors (Figured]) and near- and IR-SED excess (Figure [5]). 
These observational proper t ies are characterist i c of B[e] 
stars ([Alien fe Swings! 119761: lLamers et all 119981 : IZickgraJ 
2006;), and inconsistent with the expected behavior of clas- 
sical Be stars; thus, we suggest that NGC 346:KWBBe 200 
should be re-classified as the fifth known B[e] star in the 
SMC. 

4.2. Evolutionary Status 

To constrain the evolutionary status of NGC 
346:KWBBe 200, we compared its de-redde ned photome- 
try to standard Kurucz model atmospheres (|Kuruc z 1992) 
using log (Z/Z sun ) = -1.0 and log (g) = 3.5. As shown 
in Figure [5] and summarized in Table [2l the SED data 
are best represented by a model having T e ff — 19,000 K, 
and R s tar = 14 R sun (Figure [S]). Given the significant 
uncertainty over the exact E(B-V) reddening associated 
with NGC 346:KWBBe 200, we caution that these stellar 
parameters should only be considered initial estimates; the 
presence of a higher E(B-V) reddening than assumed here 
(0.35) will inflate T e fj and modify R s t ar - Nonetheless, as- 
suming a standard relationship that L sfar = (R s tar /Rsun) 2 
(T e ///T s „„) 4 ), we can estimate the luminosity of NGC 
346:KWBBe 200 to be log (L/L su „) ~4.4 (Tabled]). These 
stellar parameters correspond to a crude spectral classifi- 
cation of B3[e] II. 

Using these crude stellar parameters, we plot NGC 
346:KWBBe 200 on a Hertzsprung-Russell (HR) diagram 
(black circle), along with other known SMC, LMC, and 
Galactic B[e]SG (green, red, and blue triangles) and pre- 
main sequence Herbig B[e] (hereafter HAeB[e]) stars (yel- 
low squares) in Figure [6] The canon ical (non-accreting) 
evolutionary tracks (|Bernasconil 119961) and zero-age main 
sequence (ZAMS) for 9 and 15 M s „„ stars at a metallicity 
appropriate for the SMC/LMC, z = 0.001 (black lines), 
and for 3 and 5 M su „ stars at a metallicity appropriate for 
the Galactic HAeBe stars, z = 0.020 (red lines), are also 
plotted in Figure [6] along with the birthlinc for the z = 
0.020 models (solid light blue line) and isochrones for the 
z = 0.001 models (dashed green, blue, and yellow lines). It 
is clear that NGC 346:KWBBe 200 is well above the birth- 
line of late- type B stars (5 M sun ) and is most similar to the 
lo wer luminosity Magell a nic C loud B[e]SGs stars reported 
by iGummersbach et alj {T995). If it were a pre-MS star, 
inspection of Figure [5] indicates that NGC 346:KWBBe 
200 would be positioned at a youthful position along the 
the z = 0.001 15 M sun evolutionary track, and intersect 
the log(T) = 4.25 isochrone. Such a young, high-mass 
object would likely still be deeply embedded in its natal 
star formation envelope, in contradiction to the star's ob- 
served optical V-band magnitude and our easy detection 
of its optical sp e ctrum . 

lLamers et al.1 ([19981 ) provided a nice discussion of the 
classification of B[e] stars and established numerous cri- 
teria for determining whether a B[e] star is a B[e]SG, 
HAeB[e], compact planetary nebula B[e], Symbiotic B[e], 
or an "unclassified" B[e] star, whi ch we briefly review 
here. To be considered a B[e]SG, lLamers et al.l (|l998) 
suggest stars should obey two primary criteria: Al) ex- 



hibit the B[e] phenomenon; and A2) be supergiants with 
log (L/L s „„) > 4.0; and four secondary criteria, two of 
which are: Bl) optical spectroscopic evidence of mass loss; 
and B2) typically exhibit small photometri c variations of 
order 0.1 7 ". To be considered a HAeB[e], lLamers et al.l 
(1998) suggest stars should obey three primary criteria: 
Al) exhibit the B[e] phenomenon; A2) be associated with 
a star forming region; and A3) exhibit evidence of accre- 
tion via inverse P Cygni spectroscopic line profiles; and 
three secondary criteria: Bl) exhibit a luminosity of log 
(L/L su „) < 4.5; B2) exhibit large, irregular photometric 
variations; and B3) exhibit evidence of warm and cool dust 
in their SEDs. Note that some of the criteria for B[e]SG 
and HAeB[e] designations overlap; moreover, a growing 
body of evidence suggests that some B[e]SGs may also 
exhi bit significant, large amplitude photometric variabi l- 
ity (Zickgraf et alj 119961 : Ivan Genderen fe Sterkenl [2002) , 
indicating that this behavior is not exclusive to HAeB[e] 
stars. 

NGC 346:KWBBe 200's strong P-Cygni profile H I emis- 
sion is indicative of mass-loss; in our spectrum, we observe 
no evidence of inverse P-Cygni profiles which would be in- 
dicative of infall. As shown in Figured NGC 346:KWBBe 
200's crudely derived luminosity, log (L/L su „) ~4.4, and 
location on a HR diagram is more consistent with the 
star being a low luminosity B[e]SG than a high luminos- 
ity HAeB[e] star. The star does reside in a young clus- 
ter, portions of wh i ch are actively form ing low-mass stars 
(|Nota et al l 120061: ISabbi et all 120071) . which seemingly 
agrees with the aforementioned "A2" criteria of HAeB[e] 
stars; however, other well known highly evolved massive 
stars reside in the region (e.g. the Wolf- Rayet /L BV HD 
5980; aka NGC 346:KWBBe 13 lKeller et aT]|l999[ ) hence 
this particular criteria is probably not a useful discrimi- 
nant in this situation. As such, given the available data 
presently available for NGC 346:KWBBe 200, we suggest 
the star is a B[e]SG, similar to the other 4 known SMC 
and 11 LMC B[e] identifi ed to date (|Gummersbach et alj 
11953 lLamers et al.lfl998h . 

5. SUMMARY AND FUTURE WORK 

NGC 346:KWBBe 200 is a B-type star whose optical 
spectrum is dominated by Fe II, [O I], [Fe II], and strong 
P-Cygni H I emission lines, and exhibits clear evidence 
of having a circumstellar envelope characterized by the 
presence of gas and warm (T^ust ~800 K) dust. Based 
on these observational properties, we suggest that NGC 
346:KWBBe 200 is a B[e]SG star, representing the fifth 
such object identified to date in the SMC. Our crude esti- 
mate of the star's luminosity, log (L/L su „) ~4.4, its loca- 
tion on a HR diagram, and its observed line profile mor- 
phologies suggests it is most likely to be a B[e] supergiant. 

We recommend several observational approaches be pur- 
sued to further constrain the evolutionary status of NGC 
346:KWBBe 200. Mid- to far-IR photometric observations 
would allow one to search for the presence of cool dust, 
which is one of the defi ning characteristics of HAeB[e] 
stars ([Lamers et al.l [19981) and would not be an expected 
characteristic of B[e]SGs. Moreover, high resolution opti- 
cal and UV spectroscopic observations would facilitate the 
derivation of a more reliable estimate of NGC 346:KWBBe 
200's spectral type and luminosity, hence providing more 
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conclusive evidence of the post-main sequence evolution- 
ary status suggested in this paper. Optical photometric 
monitoring, to search for and characterize variability, and 
measurements of the star's rotational velocity would aid 
efforts to explore evolutionary links between the B[e]SG 
and LBV phases of massive star evolution. 
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Fig. 1. — The blue portion of NGC 346:KWBB e 200's optical spectrum is dominated by Fe II, [F e II], and H I emission lines. These 
transitions are typically observed in B[e] stars (Allen & Swings 1976; Lamcrs ct al. 1998; Zickgraf 2006). 
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Fig. 2. — The red portion of NGC 346:KWBBe 200's optical spectrum is dominated by Fe II and [O I] emission lines, which along with the 
transitions observed in the blue portion of the spectrum (Figure [TJ, are typically observed in B[e] stars (Allen & Swings 1976: Lamcrs ct al. 
IT9MlZickgra3l2006l ). 
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Fig. 3. — The net emission strength (~ -267 A), line-profile morphology (P-Cygni), and broad electron sc attering wings (~ -2 100 km s _1 
and ~ +2190 km s" 1 ) of the Ha line in NGC 346:KWBBe 200 is similar to that observed in other B[e]SGs IZickgraf et alj|l98Sh . 
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Fig. 4.— The loc ation of NGC 346:KWBB e 200 (black star), along with likely Magellanic Cloud classical Be stars from lde Wit et al.l (2005) 
(red triangles) and [Wisnicwski et al. (2003) (green triang les), a potential Herbig Ae/Be star (blue cross) in t he LMC (Ide Wit et al.i r2005), 
and known Magellanic Cloud B[e]SGs (blue circles) from McGregor et al. (1988), Gummcrsbach et al. (1995), and the 2MASS catalog are 
shown on a near-IR 2-color diagram. NGC 346:KWBBe 200's near-IR color clearly coincides with that of other dusty Magellanic Cloud (B[e] 
and Herbig Ae/Be) stars and is inconsistent with the observed near-IR colors of Magellanic Cloud classical Be stars. 
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Fig. 5. — The SED of NGC 346:KWBBe 200 following dereddening of its optical and near-IR (J,H,K) photometry, assuming E(B-V) = 
0.35. An excess of infrared flux is clearly present, indicating the presence of gas and warm, T dust ~ 800K, dust. The optical photometry are 
consistent with a Kurucz model atmosphere having T e ff = 19,000K and K s tar = 14 Rsun- The extrapolated stellar luminosity, log (L/L sun ) 
~4.4, and observed line profile morphologies suggest that NGC 346:KWBBe 200 is a B[e]SG. 
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Fig. 6.— NGC 346:KWBBe 200 (black circle) is plotted on a HR diagram, along with other known LMC, SMC, and Galactic B[e]SGs 
(red, green, and blu e triangles respectively) and Galactic HAeBe stars (yellow squares). Temperature and luminosi ty values were taken from 
Lamcrs ct al. ( 1998) and references therein for all of these ancillary sources, except for th e luminosity of MWC 1080 (Hcnning ct al. 1998]) and 
V594 Cas (Vinkovic & Jurkic 2007), whose tabulated values within Lamers et al. (1998) did not match their quoted literature origin and/or 
could not be otherwise verified. Also overplotted are the canonical evolutionary tracks and ZAMS for 9 and 15 M slln (z = 0.001) stars (black 
lines) and 3 and 5 M slln (z = 0.020) stars (red lines), the birthlinc for the z = 0.020 models (light blue line), and isochrones for the z = 0.001 
models (dashed green, blue, and yellow lines). NGC 346:KWBBe 200 is well above th e birthline of late-typ e B sta rs (5 M surl ), and appears to 
be most similar to the lower luminosity Magellanic Cloud B[e]SGs stars reported by Gunimcrsbac h~et al.l 1 119951) . Furthermore, its observed 
photometric and spectroscopic properties do not indicate that the star is highly embedded in a natal star fo rmation envelope , as would be 
expected if it were truly located at the log(T) = 4.25 isochrone of the 15 M„„ pre-MS evolutionary track of (Bernasconi 1996). 
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Table 1 

Summary of Observed Emission and Absorption Features 



Wavelength 


Line 


EW (A) 


comment 


3970 


H e 




P-Cygni 


4101 


H 8 


0.4 


P-Cygni 


4233 


Fc 11 


-1.3 




4340 


H 7 


-5.2 


P-Cygni 


4417 


Fc 11 






4491 


Fe 11 




blend 1 


4508 


Fe 11 






4515 


Fe 11 






4522 


Fe 11 




blend 2 


4534 


Ti 11 + Fc 11 




blend 3 


4549 


Fc 11 + Ti 11 




blend 4 


4555 


Fe 11 






4584 


Fe 11 






4629 


Fe 11 






4861 


H 


-29.3 


P-Cygni 5 


4921 


He 1 




abs 


4924 


Fe 11 


-2.3 




5015 


He 1 




abs 


5018 


Fe 11 


-3.5 




5158 


[Fe 11] 






5169 


Fc 11 




P-Cygni? 


5184 


[Fc 11] 






5198 


Fe 11 


-1.0 




5235 


Fe 11 


-1.2 




5276 


Fe 11 






5317 


Fe 11 


-2.4 




5363 


Fe 11 






5535 


Fe 11 






6148 


Fe 11 


-0.4 




6238 


Fe 11 






6248 


Fe 11 


-0.7 




6300 


[Ol] 


-1.2 




6318 


Mg 1 






6363 


[O 1] + Fc 11 




blend 6 


6385 


Fc 11 


-0.8 




6417 


Fe 11 






6433 


Fe 11 






6456 


Fe 11 






6516 


Fe 11 






6563 


H a 


-267 


P-Cygni 7 



Note. — inc identifications are tabulated for the strongest lines in NGC 346:KWBBe 200's optical spectrum. Net equivalent width measure- 
ments are also cited for all lines which exhibit no significant evidence of blending. 1 blend of Fe II 4489+4491 A; 2 blend of Fe II 4520,4522 A; 
3 blend of Ti II 4533 + Fe II 4534 A; 4 blend of Fe II 4549 + Ti II 4549 A; 5 wings extend to -840 km s _1 , +1220 km s" 1 ; 6 blend of [O I] 
6363 + Fe II 6369 A; 7 EW excludes Fe II 6516A. 
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Table 2 

Photometry and Summary of Fundamental Parameters 



Parameter 


Value 


U 


14.834 ±0.048 


B 


15.957 ±0.048 


V 


15.606 ±0.038 


I 


15.240 ±0.148 


J 


14.551 ±0.046 


H 


13.855 ±0.043 


K' 


12.772 ±0.032 


3.6 /^m 


10.53 ±0.05 1 


4.5 |im 


9.76 ±0.04* 


5.8 |im 


8.85 ±0.04 1 


8.0 Aim 


7.81 ±0.03 1 


Tc// 


~19000 K 


Ratar 


~14 Raoiar 


log (L sta ,7L soiar ) 


~4.4 




~800 K 



Note. — The optical and near-IR photometry for NGC 346:KWBBe 200 has been extracted from the catalog of lZaritskv et alj H2002D. 1 The 
quote d Spitzer IRAC-band photometric errors do not include absolute calibration uncertainties, which are estimated to be <5% jLaine &c Reach! 



